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JPL NISAR SAR Systems Implementing
CI SweepSAR Architecture/Technique

* NISAR SAR system design is based on “SweepSAR” architecture studied Recsive
by JPL/DLR jointly for DESDynl/Tandem-L, which focused on wide-swath
imaging capability Tranemit
* The chosen SweepSAR architecture employs a large reflector with an
active arrayed feed to form multiple high EIRP beams system in elevation
* On Tx all beams are activated (transmitting) simultaneously with each beam
“‘illuminating” a subswath and all beams together illuminating the desired
wide swath, forming an effective wide antenna Tx pattern

* On Rx the echoes are "sweeping” over the feed, received by each T/R
modules, sorted per beam echo return time/angle, followed by digital beam

forming to reconstruct beam overlaps and concatenate into long echoes,
forming an effective receive Rx pattern

* The system performance (in sensitivity or NESO) is dictated by having high SweepSAR architecture/technique
EIRP Tx beams on Tx and well designed digital beam forming on Rx s B Emansibaniis
« The SweepSAR architecture/technique e it

* Provides wide-swath coverage with full azimuth integration gain, full
utilization azimuth aperture (as opposed to SweepSAR for which the azimuth
aperture time is divided by number of subswath)
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- Eases up dual-frequency SAR implementation by both instruments sharing N S

the same reflector N N T D =5
- Takes advantage of technologies available of light-weight compact stow )

. . . . . Look Angle (deg)
volume r.eflector and hlgh—.efﬁment high po.wer RF technologies | Effective receive Rx pattern for
* But requires more sophisticate complex high speed onboard processing and different (1, 3, 5, 7 taps) digital
different calibration considerations beam formers
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J,,;»«P!Em ScanSAR vs. SweepSAR

+ ScanSAR electronically (by controlling the phasing of the > SweepSAR uses multiple sub-beams in cross-track (elevation)

phased array) scans a single beam in cross-track (elevation) with each sub-beam illuminating overlapped sub-swaths for

to illuminate each subswath cyclically wide-swath imaging
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JPL NISAR L-band SAR Design Controlled Parameters &
SR e s Projected Performance (Sample Cases)

* NISAR L-band SAR System oo DSl 4g19c L 51 agroot om0
* Employs a 12m offset reflector with 12 dual-pol channel/beam, sigma0, , e
each consisting of a 116 W T/R model and dual-patch feed T e | B i
element, creating 12 1° pencil beams in elevation Req| Ambiguity

P I e A o .
* Implements full polarimetric system that can be operated with _R_eQ‘ \_N\ES_O_ I _\7\/_ R Y
*

I Mode 128
—— Dual Pol HH
Ambiguities Altitude 755 km

FRAp Az Spc 13.00 cm

single-pol, dual-pol, quad-pol, compact-pol configurations 251 1650 bz

~ T
* Provides 10, 20, 40, 80 MHz waveforms with addition of 5 \. — I Pinewan i 300 e
. Smg]e -Look NE Pulse Width 2 5.0 usec

MHz waveform for split spectrum measurements

Multiplexing Time
N Taps 3
;&I

30

System Sensitivity (dB)

NESO Threshold -23 dB
Amb Threshold -20 dB
Required Swath 242 km

« Provides PRF dithering capabilities to remove transmit gaps sl o Multi-Look NES

with slightly degraded performance

Swath 2422219 km
Swath Avg NESZ -27.7897 dB

1 4
4
% W :
‘ Swath Avg Amb -24.8377 dB
Inc Ang (near/far) 33.95/47.04 Deg
_40 | Look Ang (near/far) 20.96/40.87 Deg

Bits per Sample

Config. 128 (Dual-Pol)  Unit  Req. HH Beam #6 CBE SWath 242 Km (>15km overlap)

Weighting 0.7
45 | | | | | | ,  AzRes x Rng Res 6.68m x 12.84m
400 450 500 550 600 650 700 750 froduct Resolution  100m x 100m
No.of Looks 121
PRF HZ o 1650 Distance from Nadir (Km)
DSl 4g19c L DSl 4g19¢ L 18-Sep-2018
. -0
Bandwidth MHz - 20 Cuad o "

Altitude 755 km
Repeat Period 12 days

PU|SeWidth us - 20 15 __R_e_g I—A\_TI]P_IQLJ_It_y_ __________________ B Ant Diam 120 m

F/D N/A
N Beams 12

FRAp El Spc 18.00 cm
Tx power W 1200 1404 @ \ ey 12575 Wiz
S 201 Mech Boresight 37.0 Deg
: . - Re 0 Tt s572 K
Tx Gain dBi 33.5 33.9 s Y NR L m
> Rx Loss -1.28 dB
G 25T proc 1900 bz
RX Galn dB| 401 41 .5 % - — _ Bandwidth f1 40.0 MHz
e = — | Bandwidth f2 5.0 MHz
%] — Pulse Width f1 40.0 usec
Ambiguiti i
System Loss dB -27 -2.0 g oo ~ T siamas,,, Single-Lobk NESO famweme s
ko)
7]
I sigma L-band (co-pol) (Shrubs) Amb Threshold o a8

System Temp K 750 657 35|
/' Swath Avg NESZ -27.6336 dB
Quant Noise dB | -19.0 ~20.0 M » L,
-40 M Look Ang (near/far) 29.96/40.87 Deg
—_ 242 Km (> 15km overlap Detarte 5155.36 Mops
Ambiguity dB —20.0 —-24.8 e —
NESO dB —230 —27.8 “aoo 450 500 550 600 650 700 750 Rroguet Fesolution  200m x 100m

45 | Az Res x Rng Res 6.68m x 6.42m
Ground Cross-Swath from Nadir (Km)

Example: Configuration 128 Dual-Pol HH “Beam” #6 Controlled Table Examples: Dual-Pol HH (top); Quad-Pol HV (bottom)
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SPL

e Definition: Resolution, Coherence, Calibration

* [Note: Spatial Resolution and ISLR assume 0.7 Hamming weighted; Coherence, Radiometric Error include
multi-look for 100mx100m product spatial resolution.]

+ Spatial Resolution (relative to ideal) is determined by system performance during one chirp and from chirp
to chirp

+ Specifically, overall bandwidths plus amplitude and phase errors

+ Coherence y,,; is determined by total signal to noise.

1
tSOhI(;rtL ’Ic?e’r:r; (gLaCri\rclj;)r:O) rTxenr”ueprl]l;t;uede and phase errors contributed Ytot 1+ SNR-113 MNRi_l
+ Radiometric Resolution Ksrr is measurement uncertainty 1 1 4 NR

(precision) K¢ (dB) = 10Log, [ 1 + N—<1 + ﬁ>
- Backscatter dependent — cannot be calibrated out but ‘V looks

can be re-estimated 1 Ag,
« Can be improved with higher EIRP and/or averaging Kpe (lincar) = EN

more looks 1 1

MNR-! = ISLR,, + ISLR,, +

+
 Short term (random) amplitude and phase errors AMBota1  QNR

contributed to ISLR, worsening the radiometric resolution

« Post-Calibration Error (Uncertainty) Kpr is the residual errors after calibration, including amplitude and
phase errors, attributed to short-term and long-term stabilities/drift

- Estimated from the stability of assemblies and how well those changes are being monitored and can be
removed

« Radiometric Error is RSS’ed of radiometric resolution (Ks7r) and calibration residual error (Kpr).
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J I L » ADC linearity/dynamic

Jet Propulsion Laboratory
California Institute of Technology range

* Quantization noise

%ﬁmate error

SAR System Performance Errors Sources

* Manifold (RF)
path equal. error

-/

* Multi-TRM
equal. error

* Beam forming - : RF Tx/Rx
residual error « Per TRM Tx/Rx ‘_ JE H(x1 %)V 12m Reflector
* Quantization changes RF Rx

* Per TRM linearity

-a— Digitized Rx
e Per TRM noise

error

<a-- Clock/Timing
(] @ .
—~—==—— [+ Manifold (clock) . : ) * Reflector distortion
o | path equal. error Beam forming =Y » Boom distortion
g I residual error « (Un-calibrated) » Feed/bench distortion
% I | » Freq drift - path equal. 1
g | Linearity ~— | —=m=-—— DC Clo * Manifold path _ irror \
o1 | Stabilityjitter equal. error ~J Troll 2\
\ ! &
1
X - * (Un-calibrated)
I /I:g?rffsesrl;g&l 4 |:| Gain fluctuation
~l  » =\
P
Science L I:l T\
o + Timing/clk/wave —  Tropospheric delay
ysem M gen. . i ; dispeﬁsion
» Freq conversion ; * Faraday rotation
* Drive amp. Sy .
i — e J+— Within Internal Cal | Outside Int. Cal I\
FSP : * Pointing accuracy
, e/-PoI 1 — I * Pointing stability
° H <l
Image/_mterf. ) 4,
formation < * Blackbody
« System bias VES e - radiation
ystem 4 RIS & (noise)
estimation S r
« Calibration 4 us ‘
application —
* Beam forming « Digitization « TX amplification/@-shift * RF radiation
- BFPQ + Filtering « RX signal filtering . F’f'tTary
+ Cal estimation « TX/RX/Cal routing pattern
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JPL Internal Calibration Implementation
T A and External Calibration Plan

= _T_ .

Post-calibration error Kpr refers to residual errors (uncertainties) after e =,
systematic biases have been removed. The use of internal calibration - _
with external calibration is to determine those biases and bias changes. bty Gl =

L= _—==

For SweepSAR system having Tx manifolds (1:12 Tx distribution) and s 3 Y |

Rx manifolds (12:1 Rx combination), non-equality/non-uniformity among

channels would be minimized before flight, but those may change in

flight

Internal Calibration: Each TRM includes Tx, Rx, Bypass Cal paths to

allow for injection of chirp/tone to:

« Perform on-board estimate of each channel (tx/rec mag/phase) and
include those estimates in the radar meta data

« Evaluate changes between channels; if changes exceed a pre- -
determined value, apply correction/adjustment to the channels NISAR L-band TRM Cal Paths

« Still has residual error in onboard estimate and correction
External Calibration: Use processed images over corner reflector array e (W
site and known homogeneous target areas to:

« Determine system bias (against the true RCS) over the entire swath

+ Assess system bias changes, in particular for the part of the system
(radar antenna) not in the internal cal loop

« Determine radar antenna pointing error and change
« Determine polarimetric channel imbalance/cross-talk

 Still has residual error in measurement uncertainties associated with P CoomerTTH 199, 15037 1799 ) el e o
corner reflector (background+noise) and homogenous area (Ksrr) Proposed CR Array Cal Site

RX-SIG PATH

RX-CAL/LNA-CALPATH ——

Nisag,
R102 ey Loon
Cross.q, !

NISAR 107 e Y

ding s, g
' St

“o": existing CRs, 34 1.5m, 3 2.0m, 3 2.5m.
“*": proposed NISAR CRs Array A, 25 3.0m
“ar prcposed NISAR CRsArvav B, 25 3.0m.
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JPL NISAR L-band SAR Projected Performance

R e and [Post-Cal] System Errors
Requirements Req. CBE (at CDR) Source
Swath-avg’d NEsO (SP/DP/QP) [1] <-23dB —-25.4dB Model
Swath-avg’'d ambiguity (SP/DP) [1] <-20dB -24.3dB Model
Swath-avg’d ambiguity (QP) [1] <-15dB -16.0 dB Model
Swath-avg’'d co-pol radiometric error [2] 0.9dB 0.71 dB RSS’ed A &B

A. Random co-pol error (Ksrr) 0.50 dB 0.50 dB Model/Measured
B. Sys. co-pol cal error (Kpr) 0.75dB 0.51dB Stacked Up
Swath-avg’d cx-pol radiometric error [2] 1.2dB 1.15dB RSS’ed A & B
A. Random cx-pol error (Ksrr) 0.79dB 0.82 dB Model/Measured
B. Sys, cx-pol cal error (Kpr) 0.90 dB 0.78 dB Stacked Up
Systematic Phase error 3.0° 2.5° Stacked Up
Coherence [3] 0.85 0.86 Model/Measured
Azimuth resolution broadening [4] <15% <0.5% Measured
Slant range resolution broadening [4] <10% 3.9% Measured
Swath overlap at equatorial crossing >10 km >15 km Model

[1] Worse case estimated values over modes (configurations) and polarization against the mode-
targeted backscatters.

[2] Swath-averaged with multi-look weighted processing, post-calibration; A is target dependent
[3] Swath-averaged; combined SNR/AMB with TRM measurements of mag/phase ripple and jitters.
[4] % broadening against weighted single-look theoretical; include mag/phase contributions
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